By using a dynamic micro-simulation model named INAHSIM-II, we conducted a population-household projection in Japan (INAHSIM 2017) for the period of 2015-2065. Due to rapid aging of the population, the distribution of the elderly (65 years old or older) by dependency level has a profound impact on health expenditure (namely medical expenditure and long-term care expenditure) of the elderly. In this paper, we estimated health expenditure of the elderly in 2025-2065, using the results of the projection of the elderly by dependency level.
oriented healthcare has been pursued recently. In accordance with higher patient expectations, the measurement and assurance of quality of medical services has become an important policy area in Japan [1] . Table 1 shows long trends of population and medical expenditure in Japan.
Aging of the population has been quite rapid due to low fertility and steady extension of life expectancy, and aging rate (the proportion of those who are 65 years old or over to the total population) has increased from 7.1% in 1970 to 26.6% in 2015. On the other hand, National Medical Expenditure as percent of GDP has increased from 3.3% to 7.9% during the same period. National Medical Expenditure is a common data source to analyze medical expenditure in Japan.
As seen in Table 1 , National Medical Expenditure as percent of GDP has been in line with Public financing part of OECD health expenditure until 2010. However, the latter has been departing from the former recently, because more elements of long-term care expenditure were to be included in the latter.
In many developed countries, expenditure on long-term care for the elderly is especially a matter of great concern due to the aging of the population. In view of aging of the population and rising consumer expectations about the quality and quantity of LTC services, it is a common concern among developed countries how to increase incentives for efficiency and consumer direction in the LTC system as well as how to finance LTC expenditure [1] .
Japanese LTC Insurance has been implemented since April 2000. Japan followed the German model, but there are many important differences between the two systems ( Table 2 ).
The main beneficiaries of the Japanese LTC Insurance are the elderly aged 65 or over. One of the main reasons to introduce the LTC Insurance in Japan was to reduce the number of so-called socially induced hospitalization (Note 1) cases especially among elderly patients. Benefits are available after care need assessment, which is done by each municipal committee according to their physical Elderly assessed with the lowest care needs have been moved to a preventive scheme since 2006. Facility-based services are provided at skilled nursing facilities, health service facilities for the elderly (primarily for rehabilitation), and skilled nursing wings of geriatric hospitals. So-called "hotel costs" (eating and accommodation) were eliminated from the benefit catalogue of the LTC Insurance since April 2006. The program is financed through a combination of contributions from the insured, government subsidies, and user charges. Service users must pay 10 percent of expenses, although there is an upper ceiling for this user charge. Regional differences are allowed to leave the management of the system to each municipality's discretion [1] .
In this paper, projection of the elderly by dependency level is described in Sec- [2] . Events contained in the simulation model include not only such vital events as birth, death, marriage, divorce, and changes of household situations generated by them, but also merger of aged parent(s) with the child's household and other movements of households. The death rate is given by age and sex for those who are less than 65 years old, but it is determined by transition probability of dependency for those who are 65 years old or over. The number of deaths is the sum of all transitions from Levels 0 -3 to Level 4 within one year. Therefore, the death rate for those who are 65 years old or over is determined by dependency transition which is given by age group and sex.
The total fertility rate (TFR) was assumed to remain the same throughout the simulation period, and we assumed two levels (TFR = 1.4 and 1.7). The death rate was assumed to decline gradually, and resulting life expectancy at birth will be 85 years for males and 91 years for females in 2065. The other transition probabilities remain the same throughout the simulation period. Explanation about the INAHSIM 2017 Simulation is found in Fukawa (2017a) [3] .
3) Projection of the elderly by dependency level
The total number of population will decrease from 127.1 million in 2015 to 88 million in 2065, and the aging rate (proportion of those who are 65 years old or over to the total population) will increase from 26.6% in 2015 to 39% in 2065, if future TFR is assumed as 1.4. Table 3 shows the distribution of the elderly (65+)
by dependency level. The proportion of dependency level 2 was 8.2% (6.1% for males and 9.8% for females), and dependency level 3 was 3.6% (2.2% for males and 4.7% for females) in 2015 [4] . The proportion of those elderly who are com- pletely independent decreases gradually, and that of those elderly with dependency levels 2 and 3 will steadily increase, and about 9% of female elderly (65+)
will become dependency level 3 in 2065. The share of dependency level 3 is always higher for females than males at each age group. Those elderly in levels 2 and 3 are supposed to use the LTC services.
The incidence of dependency level 3 increased from 0.5% at age group 65 -69 through 9.8% at age group 85 -89 to 41.9% at age group 100+ in 2015 (both sexes) [4] . Future incidence was slightly modified according to the assumption of longevity extension, and the number of dependency level 3 continues to increase in the future. The number increases remarkably after age 85 for both males and females, and the number is higher in later years. The tendency is especially remarkable for females as shown in Figure 1 .
Future Health Expenditure in Japan

1) Method
Japanese medical expenditure was 42.3 trillion yen, or 7.9 percent of GDP, in FY2015.Medical expenditure used by the elderly aged 65 or over was 24.8 trillion yen, or 59 percent of the total. Japanese LTC expenditure in FY2015 was 9.5 trillion yen, or 1.8 percent of GDP, and elderly LTC expenditure was 98 percent of the total. By applying future age-group population to the age-related expenditure profiles for medical expenditure in Figure 2 , future medical expenditures can be estimated (Case 1 in Table 4 ). We also used more desirable age-related expenditure profiles which once appeared in 2009 and disappeared afterwards. This second age-related expenditure profiles are shown as Case 2 in Table 4 . Estimated future medical expenditure in this manner is based on 2015 prices, and no future developments such as technology advance and price increase are considered. Elderly LTC expenditure occurs only from those whose dependency levels are 2 or 3 by definition. Age-related expenditure profiles of LTC expenditure in 2015 for those whose dependency levels are 2 or 3 are shown in Table 4 . Future elderly LTC expenditure was calculated by applying future age-group population by dependency level to the age-related expenditure profiles by dependency level in Table 4 (Case 1). We also assumed another case, where age-related expenditure profiles for dependency level 2 reduced by half due to a lesser prevalence rate through prevention or some kind of cost-saving (Case 2). Again, future elderly LTC expenditure is based on 2015 prices, and no future developments such as technology advance and price increase are considered. Figure 3 shows per capita medical expenditure age profiles for Case 1 and Case 2, and per capita LTC expenditure age profiles for the elderly with dependency levels 2 and 3 in Table 4 . It is quite clear from Figure 3 that LTC services for the elderly with dependency level 3 are expensive, regardless of age group.
2) Results Table 5 shows the results of future medical and elderly LTC expenditures in Japan. It is interesting to notice from this table that medical expenditure of the elderly (65+) will be peaked around 2045 and will decline afterwards, and the expenditure level in 2065 will be lower than the level in 2025, if we consider only demographic factors (namely without assuming inflation, technology advance, etc.). On the other hand, elderly LTC expenditure will continue increasing until 2065. Consequently, the sum of medical and LTC expenditures of the elderly (65+) will increase until 2055, and decline afterwards. If we focus on the elderly aged 80 or over, the sum of medical and LTC expenditures will increase until 2065. Concerning the elderly aged 80 or over, the size of LTC expenditure relative to medical expenditure in Case 1 will increase from 68% in 2015 to 93% in 2065.
This means that LTC expenditure will be almost parallel with medical expenditure for those who are aged 80 or over in 2065.
Discussions
Japanese medical expenditure may not be so high taking a high aging rate into consideration. According to OECD Health Statistics 2017, Japanese current expenditure on health was 10.8% of GDP in 2014. If we calculate "public medical expenditure" as current public expenditure on health minus public LTC (health) expenditure, then Japanese public medical expenditure was 7.3% of GDP in 2014, which was lower than that in Germany or France (Table 6 ). Figure 4 shows aging rate (X axis) and health expenditure/GDP of 15 countries in 2016. As mentioned before, OECD health expenditure includes not only medical expenditure but also some portion (which differ country by country) of LTC expenditure. Nevertheless, it is quite clear from Figure 4 than Japan is exceptional on aging rate and the USA is exceptional on health expenditure as percent of GDP. As population is aging, how to provide medical and LTC services to the elderly within an affordable burden to the working population is a mounting concern in the developed countries. Japanese current expenditure on health in Table 6 is not so high taking a high aging rate into consideration.
However, age profiles of medical expenditure and LTC expenditure show signs of increase with further aging. The dependency of the elderly aged 65 or over was classified into 4 levels, and
we observed a sharp increase in the proportion of heavily dependent elderly between 2015 and 2065. This finding suggests that aging of the population will be severe, unless future improvement in the dependency of the elderly is not assumed.
According to our estimation, medical expenditure will reach its peak and decline afterwards in Japan, if we consider only demographic factors. The LTC expenditure is larger than medical expenditure for very advanced age population, and simulation results clearly show that it is the elderly LTC expenditure which should be controlled vigorously in future years. Comparing Case 1 and Case 2 of future elderly LTC expenditures, a policy package to reduce the cost occurring from those elderly with dependency level 2 through lower incidence rate or smaller benefit catalogue will be feasible and quite effective to increase the sustainability of LTC insurance in Japan.
Medical expenditure will grow under the strong pressures of medical technology advances and people's expectation for better medical services [1] . Medical spending of the US elderly is very concentrated, the poor consume more medical goods and services than the rich, and those currently experiencing either very low or very high medical expenses are likely to find themselves in the same position in the future [5] . The same situation may be found also in Japan.
Among the main spending drivers for health care (demographics, income effects, low productivity and technological advances), over half of productivity gains in the overall economy has been translated to wages in the health care sector on average, but technology has also been shown to have, on aggregate, a positive impact on health spending with estimates of its exact effect varying widely [6] .
Although many of health improvements will allow people to live longer, in better health, and with greater productivity, new technologies will increase health care expenditures because the reduction in spending resulting from better health will be outweighed by the costs of the technologies themselves and by health expenditures during the additional years of life that the technologies may make possible [7] . In addition, technologies with a low per-patient cost may turn out to be very expensive as they are applied to a broader population [7] . Different policy and institutional factors (such as financing mechanisms, decentralization, organization of health provision, etc.) can have a substantial impact on the growth in public spending on health care [8] . Therefore, it is quite relevant for reform discussion in Japan to increase incentives for efficiency and consumer direction in medical and LTC systems.
Japanese LTC Insurance is a universal program financed by contribution, public subsidy, and user charge, and has relieved considerably the financial pressures on the medical expenditure of the elderly, because long-term stays of the elderly patients in hospitals had been included in the medical expenditure [1] . The Japanese approach is to convert a vertically divided welfare and health care system for the elderly to a coherent system in terms of institutional and domiciliary services and to separate the LTC from the medical care insurance [9] . Japanese LTC system belongs to the same group as German or Dutch system, namely universal coverage within a single program, but Japanese system applies primarily to the old population, compared to German and Dutch systems which apply to all people with assessed care-need regardless of the age-group [10] .
The need for LTC is quite common among the very old, and the provision of LTC has been changed from welfare and rationing services to needs-based insurance benefits in Japan. Age profile of medical expenditure may become convex (namely show peak and decrease afterwards), but age profile of LTC expenditure in Figure 2 is a steep increasing curve and very sensitive to the aging of the population. Even taking into account only the demographic impact of an ageing population, public expenditure on LTC over 2010-2060 for the EU-27 would increase from 1.8% to 3.6% of GDP, and the issue of public spending on long-term care will become an increasingly important part of the debate on how to ensure the long-term sustainability of public finances [11] . Similarly, Table 5 shows that elderly LTC expenditure would double over 2015-2065 based on 2015 prices in Japan. Therefore, it is indispensable to prevent and reduce the incidence of LTC need as much as possible.
In our estimation on LTC expenditure, we did not distinguish between home care and institutional care. Long-term care (LTC) policies in many OECD countries aim to help people to live independently in the community for as long as possible and rates of home care have increased in recent years [12] . Moreover, home care is often a more expensive way of managing severe needs than institutional care, but some older people prefer to remain in the community even with relatively severe needs, leading to a trade-off between controlling public expenditure and offering choice and independence to LTC users [12] .
The future expenditure on elderly LTC is very sensitive to the exact growth of the number of elderly, changes in real prices of long-term care, and trends in dependency among the elderly [9] . While previous studies have shown that
Time-To-Death (TTD) explains LTC expenditure over and above the effect of age, age and informal care availability are found to remain important determinants of LTC expenditure after controlling for disability, and LTC spending is driven more by disability than by survival trends unlike in the case of medical care spending [13] . The effects of aging on LTC consumption might be mitigated by a "healthy aging" process if longevity gains are fully or partially translated in additional years in good health. The correlation across countries between LTC spending and aging is rather weak [14] , therefore the way of organizing and financing LTC plays an important role [1] .
For medical and LTC services, it is especially important to incorporate the right incentives in the system, and new forms of solidarity, including fair share of burden among generations, are indispensable in order to make Japanese social security system sustainable. The health care cost borne by retirees is projected to rise substantially, and current workers will have to consider staying in the workforce longer or save and invest more money while working, to prepare for the higher expected health care costs waiting for them in retirement [15] . Further work is needed to better understand the social, medical, and long-term care needs of older Americans and how best to address those needs, and focusing on ways to improve the management and coordination of care for high-need, high-cost patients will be essential to meet the needs of an aging population [16] .
In terms of aging rate, Japan is the front runner among developed countries.
Therefore, future Japanese picture of the elderly society shall provide implications for new forms of solidarity.
Financing of the social expenditure such as LTC benefit, family benefit, benefit for low income families and benefit for handicapped is still one of the key issues in Japan. Pressure for an increased public budget on formal care services need to be seen in conjunction with the projected impact of aging on other expenditure items, notably pensions and health care, and it is worth exploring the possible impact of investing in LTC on the future level of health care expenditure, as better prevention and better follow-up (including rehabilitation and general long-term care) can avoid the recourse to more acute (often more expensive) types of care [11] .
Future spending levels and the sources of spending are therefore not primarily technical matters but need to involve public debate and deliberation: this debate should draw on evidence from both the United Kingdom and other countries about the consequences of different decisions on people with different incomes and the impact on the use of the NHS and long-term care [17] . In Japan, new options have been discussed, including broadening the financial bases of social benefits, more desirable mix of public system and private arrangements, and redefinition of the elderly. Concerning a redefinition of the elderly, we calculated a threshold age. If we define the elderly as the oldest 20 percent of the population 
Conclusions
By using a dynamic micro-simulation model named INAHSIM-II, we conducted a population-household projection in Japan for the period of 2015-2065. We estimated health expenditure (medical expenditure and long-term care expenditure) of the elderly (65+) in 2025-2065, using the results of the projection of the elderly by dependency level. Medical expenditure will be peaked around 2045
and will decline afterwards, if we consider only demographic factors. However, elderly LTC expenditure will continue increasing until 2065. Consequently, the sum of medical and elderly LTC expenditures will increase until 2055, and decline afterwards. The LTC expenditure will be almost parallel with medical expenditure for those who are aged 80 or over in 50 years. It is indispensable to alter age profiles of medical and LTC expenditures of the elderly in order to make the health system sustainable in future years in Japan.
(Note 1) There had been frequent use of hospitals instead of long-term care facilities because the accessibility to the latter is limited, and the medically oriented services are readily accessible to the elderly in Japan. Those elderly who stay in hospitals much longer than medically appropriate are called "social hospitalization", an induced stay in hospitals caused by social reasons.
(Note 2) INAHSIM is a dynamic micro simulation model, which is written using programming language C++. The occurrence of each event is based on the Monte-Carlo method: that is if and only if a random number generated by the computer for each event is equal to or smaller than the probability given, the event is allowed to occur. When an event is determined to occur, all the necessary procedures will be carried out step by step to simulate the changing of the actual society.
